Objective: Patients with Prader-Willi syndrome (PWS) have been hypothesized to be at lower risk of non-alcoholic fatty liver disease (NAFLD) because of higher insulin sensitivity. However, PWS patients have a peculiar body composition, i.e. higher fat mass and lower fat-free mass, which may confound such associations. We evaluated whether NAFLD is less frequent in PWS than in non-PWS women matched on percent body fat (PBF). Methods: PBF was measured by dual-energy X-ray absorptiometry. Liver fat was assessed by ultrasonography. Insulin sensitivity and beta-cell function were evaluated by oral glucose tolerance testing. Coarsened exact matching (CEM) was used to match PWS and non-PWS women on PBF. General and generalized linear models taking CEM into account were used to perform comparisons between PWS and non-PWS women. Results: 20 women with PWS were matched to 27 women without PWS on the basis of PBF (mean 53 vs. 54%, p = 0.6). Insulin sensitivity and beta-cell function were similar in the two groups. However, the prevalence of NAFLD was 25% in PWS versus 59% in non-PWS women (p = 0.04). Conclusion: NAFLD is less frequent in PWS than in non-PWS women but this finding is not associated with higher insulin sensitivity.
Introduction
Prader-Willi syndrome (PWS) is a genetic disorder due to absent expression of the paternally active genes in the PWS critical region of chromosome 15 [1, 2] . PWS has an estimated incidence rate of 1 in 25,000 live births and its major clinical features are muscular hypotonia, childhood-onset obesity, multiple endocrinopathies, sleep disorders, developmental delay with cognitive impairment, and characteristic appearance [3, 4] .
Because of hyperphagia, PWS patients gain substantial weight between 1 and 6 years of age and most of them develop morbid obesity [3] . PWS patients do not only have a higher fat mass (FM) but also a lower fat-free mass (FFM) and resting energy expenditure (REE) as compared to obese non-PWS patients [5] [6] [7] [8] . The fact that the REE:FFM ratio of PWS subjects is similar to that of non-PWS subjects suggests that a decrease in FFM, rather than an anomaly of cell metabolism, is responsible for the lower REE [6] .
On the basis of body composition alone, one would predict a lower insulin sensitivity in PWS patients because of their lower FFM and higher FM [9, 10] . However, there is some evidence that PWS subjects are more insulin-sensitive than non-PWS subjects [11] . Mostly on the basis of such higher insulin sensitivity, PWS subjects have been hypothesized to be at lower risk of non-alcoholic fatty liver disease (NAFLD) [11] . These findings may be partly due to the fact that BMI has been used as a measure of body fatness in most studies while, for the reasons discussed above, BMI is not a good index of body composition in PWS patients.
The aim of the present cross-sectional study was to compare the degree of insulin sensitivity and the prevalence of NAFLD in PWS and non-PWS women matched with a direct measure of percent body fat (PBF) obtained by dual-energy X-ray absorptiometry (DXA).
Subjects and Methods

Subjects
20 obese women with PWS were consecutively studied at the Division of Auxology of the Istituto Auxologico Italiano (Piancavallo, Italy) between January 2010 and January 2012. All patients showed the typical PWS phenotype [3] . 14 women had interstitial deletion of the proximal long arm of chromosome 15 and 6 had uniparental maternal disomy for chromosome 15. PWS women were matched on PBF with 27 women with essential obesity, followed during the same period at the Division of Metabolic Diseases of the Istituto Auxologico Italiano. Exclusion criteria were: age < 18 years, alcohol consumption (any quantity), and hepatitis B virus (HBV) or hepatitis C virus (HCV) infection. The study protocol was approved by the local Ethics Committee, and informed consent was obtained from all subjects.
Clinical and Laboratory Evaluation
Alcohol consumption was excluded by interview. Weight and height were measured following standard procedures and BMI was calculated as kg/m 2 [12] . Glucose and insulin were measured at 0, 30, 60, 90, and 120 min during oral glucose tolerance testing (OGTT). Glucose was measured using standard laboratory methods and insulin by using a chemiluminescent immunoassay (Immulite 2000; Diagnostic Products Corporation, Los Angeles, CA, USA). The insulin sensitivity index (ISI) was calculated from OGTT as described by Matsuda and DeFronzo [13] . The ratio between the incremental areas under the curve of insulin and glucose (incAUCins/incAUCglu) was used as marker of beta-cell function [9, 14, 15] . Alanine transaminase (ALT) and gamma-glutamyltransferase (GGT) were measured by standard laboratory methods. HBV or HCV infection was excluded as described elsewhere [16] .
Dual-Energy X-Ray Absorptiometry
FM, lean tissue mass (LTM), and bone mineral content (BMC) were measured using a GE Lunar Prodigy densitometer (GE Lunar Medical Systems, Milwaukee, WI, USA) [17, 18] . PBF was calculated as FM/(FM + LTM + BMC). In our laboratory, the within-day coefficient of variation for the measurement of PBF is 2% [18, 19] .
Indirect Calorimetry
REE was measured using an open-circuit, canopy-equipped indirect calorimeter (Vmax 29; Sensor Medics, Yorba Linda, CA, USA) as described in detail elsewhere [20] . REE was calculated from oxygen uptake and carbon dioxide output using Weir equation [21] .
Liver Ultrasonography
An experienced radiologist performed liver ultrasonography using standardized criteria [22] . Normal liver was defined as the absence of liver steatosis and other liver abnormalities. NAFLD was defined as any degree of liver steatosis in the absence of HBV and HCV infection as well as alcohol consumption [23] .
Statistical Analysis
Coarsened exact matching (CEM) was used to match PWS and non-PWS women within 5% of PBF [24] . Continuous measurements of PWS and non-PWS women were compared using a general linear model with PWS status (0 = no; 1 = yes) as predictor, a Gaussian family, an identity link, and robust confidence intervals (CI) [25] . A logarithmic link was used for ISI and incAUCins/incAUCglu to reduce heteroscedasticity of residuals. A generalized linear model with a binomial family, a logarithmic link, and robust CI was used to compare the prevalence of NAFLD in the two study groups using PWS status (0 = no; 1 = yes) as predictor [25] . To test for potential confounding from age, we added age as predictor (continuous, years) to the generalized linear model after having checked that its logit was linear. All models took matching into account by means of CEM-related weights. All statistical tests were two-tailed and statistical significance was set to a value of p < 0.05 for all tests. Statistical analysis was performed using Stata 13.0 (Stata Corporation, College Station, TX, USA) together with the user-written cem command [26] .
Results
The measurements of the PWS and non-PWS women are given in table 1 . PWS women were lighter and shorter than non-PWS women, while their percent body composition was similar to that of PWS women because of matching on PBF. As expected, LTM and REE were lower in PWS than in non-PWS women but the REE:LTM ratio was similar.
No between-group differences were found in liver enzymes, fasting, and 120-min glucose, insulin sensitivity as detected by ISI, and beta-cell function as detected by the incAUCins/ incAUCglu ratio.
The prevalence of NAFLD was 59% (robust 95% CI 37-80%) in non-PWS and 25% (6-44%) in PWS women (p = 0.04). Age was not associated with NAFLD both at univariable (odds ratio (OR) = 1.02 per year of age, p = 0.5) and multivariable analysis (OR = 0.92, p = 0.9), and the percent change of the log-odds of PWS status after inclusion of age into the model was around 1%, showing no evidence of confounding from age.
Discussion
In this cross-sectional study, we tested whether NAFLD is less frequent in PWS than in non-PWS women. This hypothesis is consistent with the fact that PWS subjects may have a higher insulin sensitivity [11] and that insulin sensitivity is inversely associated with the presence of fatty liver in the general population [27] . We found that NAFLD was less frequent among PWS women and that their insulin sensitivity was similar to that of non-PWS women.
The available studies investigating the relationship between PWS and insulin sensitivity relied mostly on BMI to control for the confounding effect of body fat [11] . However, BMI is just a surrogate measure of body fat, and this is especially true in PWS subjects because of their higher FM and lower FFM as compared to non-PWS subjects [5, 7] . This implies that, at the same level of BMI, PWS and non-PWS subjects will have a different body composition that may confound between-group comparisons of outcomes that are sensitive to body fat. For instance, the mean difference in BMI between our PWS and non-PWS women was a not negligible 3 kg/m 2 as compared to a clearly negligible one of 1% for PBF. Thus, it is important that a comparison between PWS and non-PWS subjects for outcomes that are (expected to be) associated with body fat employs more direct methods for measuring body fat [9] . We chose DXA to measure body fat because it effectively and reproducibly ranks the amount of fat in the human body [19] .
Our PWS and non-PWS women matched on PBF had a similar insulin sensitivity as detected by OGTT. Although this was not the aim of this study as it is not biologically plausible to match PWS and non-PWS subjects on BMI if the aim is to control for body fat, we tested whether matching on BMI produced different results. After matching on BMI, PWS women appeared to have a higher insulin sensitivity than non-PWS women but still had a lower prevalence of NAFLD (data not shown). This finding gives at least partial support to the possibility that matching on BMI is not enough to control for the confounding effect of body fat. (We would like to add in passing that the matching based on BMI was much less efficient on statistical grounds because more subjects were outside the so-called region of common support [24] .)
The prevalence of NAFLD was 25% in PWS versus 59% in non-PWS women matched on PBF (p = 0.04). We expected that this finding would be accompanied by lower insulin sensitivity but this was not the case. A lower insulin sensitivity is common in NAFLD, even if it is not necessarily a pathogenetic factor or the only pathogenetic factor involved in this disease Variable on which coarsened exact matching of non-PWS and PWS women was performed. PWS = Prader-Willi syndrome; PBF = percent body fat; FM = fat mass by dual-energy X-ray absorptiometry (DXA); BM = body mass by DXA; LTM = lean tissue mass by DXA; BMC = bone mineral content by DXA; REE = resting energy expenditure by indirect calorimetry; ALT = alanine transaminase; GGT = gammaglutamyltransferase; ISI = insulin sensitivity index; inc-AUCins/incAUCglu = ratio between the incremental areas under the curve of insulin and glucose. [28] . However, it remains to be explained why PWS patients have a lower prevalence of NAFLD than non-PWS patients matched on PBF.
PWS patients often undergo treatment with growth hormone (GH), which is expected on average to decrease PBF and to increase FFM [29] . More importantly for the aim of this study, GH treatment may reduce liver fat in GH-deficient subjects. 9 of our 20 PWS women had undergone or were undergoing treatment with recombinant GH at different doses and for different times. This number of subjects is clearly too low and, together with the crosssectional nature of this study, does not allow testing any hypothesis about a potential association between GH treatment and NAFLD. However, there is no doubt that such an association should be taken into account in further studies investigating the relationship between PWS and NAFLD.
This study has some limitations. Firstly, it was performed among Caucasian PWS women followed at a tertiary care center, and its results might not be generalizable to non-Caucasian ethnic groups, men, and the general population. In this respect, it is known that the manifestations of PWS may differ according to the ethnicity of the patients and that the prevalence of NAFLD is higher in some ethnic groups, e.g. African-Americans [30, 31] . Men are currently considered to be at a greater risk of NAFLD than women [31] , although no sex-based comparison is available for PWS. Secondly, our estimate of the prevalence of NAFLD in PWS women (25%; 95% CI 6-44%) was imprecise because of the relatively low sample size. Taking our point estimate of 25% for the prevalence of NAFLD as a guide, 60 PWS subjects are needed to detect such a prevalence with a precision ranging from 15 to 38% (95% exact CI), which is acceptable on clinical grounds. Such a number is unlikely to be reached by a single-center study but it could be obtained by multi-center studies.
In conclusion, NAFLD is less frequent in PWS than in non-PWS women matched on PBF; however, this finding is not associated with lower insulin sensitivity. Multi-center studies are needed to replicate these findings by also taking men and non-Caucasian ethnic groups into account.
